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(54) Method for generating shadows in video games 



(57) A game progress control means 61 administers 
positions of player characters and a referee character 
using positions corresponding to their waists. A shadow 
image generating means 62 generates shadow images 
of all the player characters and the referee character 
who appear on the screen of the monitor 2. A density 
setting means 63 sets the density of each shadow 



image based on the position of the appearing character 
on a soccer field using an x-coordinate of his waist 
Accordingly, the shadow images of specified densities 
belonging to the individual appearing characters can be 
generated by simple calculation. 
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Description 

[0001] The present invention relates to an image 
generating device using an optical disk, a magnetic 
disk, a semiconductor memory or like storage medium 5 
storing a program data, an image generating method, a 
readable storage medium storing an image generating 
program and a video game system. 

BACKGROUND OF THE INVENTION AND RELATED 10 
ART STATEMENT 

[0002] Quite a few video game systems have been 
proposed. These video systems include systems com- 
prised of a special apparatus for home use and a televi- 15 
sion monitor and systems comprised of a special 
apparatus for commercial use, a personal computer or a 
workstation, a display and a sound output device. Any 
one of these systems is provided with a controller oper- 
ated by a game player, a storage medium storing a 20 
game program data, a CPU for executing controls to 
generate sounds and images based on the game pro- 
gram data, an image processor for generating images, 
an audio processor for generating sounds, a CRT mon- 
itor for displaying images, and a loudspeaker for making 25 
the sounds audible. CD-ROMs, semiconductor memo- 
ries, cassettes containing built-in semiconductor memo- 
ries, etc. are frequently used as the storage medium. 
[0003] Various kinds of video games of this type are 
known. Among these known games, competition video 30 
games in which many player characters are displayed to 
play a game on a monitor screen, e.g. a soccer game 
are known. The soccer game is played by giving instruc- 
tions of specific motions such as dribble, pass and 
shoot to a player character of an own team through a 35 
controller, and can be said to be an interesting video 
game having high gaming nature and competition 
nature. 

[0004] In such a soccer game, a night game can be 
expressed in a realistic manner by generating shadow ao 
images belonging to player characters and displaying 
them on the field. 

[0005] In competition games such as soccer 
games, many characters including player characters 
and a referee character need to simultaneously appear 45 
on the screen and to be relatively quickly motioned. 
Accordingly, it has been difficult to generate the charac- 
ter images and shadow images thereof in real time by 
performing a light source calculation from illumination 
lights set in specified positions because calculation so 
processing is excessively loaded. 

Summary of the Invention: 

[0006] In view of the above problem residing in the 55 
prior art, an object of the present invention is to provide 
image generating device and method which can gener- 
ate shadow images of specified density for individual 



characters who appear on a screen by simple calcula- 
tion, a readable storage medium storing an image gen- 
eration program and a video game system. 
[0007] In order to achieve the objects according to 
the invention, an image generating device comprises: a 
shadow image generation control means for generating 
the shadow image belonging to the character located on 
the simulated field set in the virtual 3D space and 
extending at least in one direction; a density setting 
means for setting a density of the shadow image based 
on a position of the character on the simulated field; a 
display means for displaying the shadow image; and a 
display control means for displaying the generated 
shadow image at the set density on the display means. 
[0008] These and other objects, features and 
advantages of the present invention will become more 
apparent upon reading of the following detailed descrip- 
tion along with the accompanied drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] 

FIG. 1 is a block diagram showing a game system 
according to one embodiment of an inventive video 
game system, 

FIG. 2 is a diagram showing one scene of a soccer 
video game displayed on a monitor, 
FIG. 3 is a plan view showing a soccer field, 
FIG. 4 is a block diagram showing functions of a 
CPU and a part of the devices shown in FIG. 1 , 
FIGS. 5 to 8 are diagrams each showing one scene 
of a soccer video game displayed on a monitor, 
FIGS. 9 to 11 are a flow chart showing a main rou- 
tine of shadow image generation and shadow 
image density setting, 

FIG. 12 is a flow chart showing a subroutine "Foot 
Coordinates Setting", 

FIG. 13 is a flow chart showing a subroutine "Poly- 
gon Imaging", and 

FIG. 14 and 15 are diagrams each showing one 
scene of a soccer video game displayed on a mon- 
itor. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS OF THE INVENTION 

[0010] FIG. 1 is a block diagram of a video game 
system 1 according to one embodiment of an inventive 
video game system. 

[0011] A video game system 1 is comprised of a 
main game unit, a television monitor (hereinafter, 
merely "monitor") 2 as a display means for outputting 
images of a game, an amplifying circuit 3 and a loud- 
speaker 4 for outputting sounds of the game, and a stor- 
age medium 5 storing a game data including image 
data, sound data and a program data. The storage 
medium 5 is, for example, a so-called ROM cassette in 
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which a ROM or the like storing the game data, a pro- 
gram data of an operating system is contained in a plas- 
tic casing, an optical disk, or a flexible disk. 
[0012] The main game unit is constructed by con- 
necting a bus 7 comprised of an address bus, a data 
bus and a controller bus to a CPU 6, connecting a RAM 
8, interface circuits 9 and 10, a signal processor 11, an 
image processor 12, and interface circuits 13 and 14 to 
the bus 7, respectively, connecting a controller 16 to the 
interface circuit 10 via an operational information inter- 
face circuit 15, connecting a digital-to-analog (D/A) con- 
verter 17 to the interface circuit 13 and connecting a D/A 
converter 18 to the interface circuit 14. 
[001 3J A memory unit 1 9 is constructed by the RAM 
8, the interface circuit 9 and the storage medium 5. A 
control unit 20 for controlling the progress of the game 
is constructed by the CPU 6, the signal processor 1 1 
and the image processor 12. An operational input unit 
21 is constructed by the interface circuit 10, the opera- 
tional information interface circuit 15 and the controller 
16. An image display unit 22 is constructed by the mon- 
itor 2, the interface circuit 13 and the D/A converter 17. 
A sound output unit 23 is constructed by the amplifying 
circuit 3, the loudspeaker 4, the interface circuit 14 and 
the D/A converter 18. 

[0014] In the case that the storage medium 5 is, for 
example, a ROM cassette, the RAM 8 may be integrally 
accommodated in the plastic case of the storage 
medium 5. 

[0015] The signal processor 11 is mainly adapted 
for the calculation in a three-dimensional (3D) space, 
the calculation to transform a position in the 3D space 
into the one in a simulated 3D space, the light source 
calculation, and the generation and processing of sound 
data. 

[0016] The image processor 12 is adapted to write 
an image data in the RAM 8 in accordance with the cal- 
culation result of the signal processor 11: for example, 
to write a texture data in an area of the RAM 8 desig- 
nated by a polygon. 

[0017] The controller 16 functions as an operable 
means operated by a game player and includes a start 
button 16a, an A-button 16b, a B-button 16c, a cross key 
16d, a stick-shaped controller 16e, a left trigger button 
16f, a right trigger button 16g, a C1 -button 16h, a C2- 
button 16i, a C3-button 16j, a C4-button 16k, and a back 
(rear) trigger button 16n. 

[0018] The controller 16 also includes a connector 
16m, and a card memory (not.shown) made of a nonvol- 
atile memory for, e.g. temporarily storing the progress of 
the game when the game is interrupted, and the like are 
detachably connectable with the connector 16m. 
[0019] The stick-shaped controller 16e has sub- 
stantially the same functions as a joystick. Specifically, 
the stick-shaped controller 16e includes a standing stick 
and is operable not only to up, down left and right, but in 
any direction of 360° about a specified position where 
the stick stands. According to a direction of inclination 



and an angle of inclination of the stick, values in X-coor- 
dinate (lateral direction) and Y-coordinate (forward and 
backward directions) with the standing position as an 
origin are sent to the CPU 6 via the interface circuits 1 5, 
5 10. 

[0020] This game system 1 has different modes 
depending upon its application. More specifically, if the 
game system 1 is constructed to be used at home, the 
monitor 2, the amplifying circuit 3 and the loudspeaker 4 
10 are separate from the main game unit. If the game sys- 
tem 1 is constructed to be used on a commercial basis, 
all the parts shown in FIG. 1 are accommodated as a 
unit in a signal container. 

[0021] Further, if the game system 1 is constructed 

15 using a personal computer or a workstation as a core, 
the monitor 2 corresponds to a display of the computer; 
the image processor 12 corresponds to a part of the 
game program data stored in the storage medium 5 or a 
hardware on an extension board mounted on an exten- 

20 sion slot of the computer; and the interface circuits 9, 
10, 13, 14, the D/A converters 17, 18 and the opera- 
tional information interface circuit 15 correspond to the 
hardware on the extension board mounted on the exten- 
sion slot of the computer. Further, the RAM 8 corre- 

25 sponds to a main memory of the computer or the 
respective areas of an extension memory. In this 
embodiment, an example in which the game system 1 is 
constructed to be used at home is described. 
[0022] Next, the operation of the game system 1 is 

30 schematically described. A power switch (not shown) is 
turned on to apply a power to the game system 1 . At this 
time, the CPU 6 reads image data, sound data and 
game program data from the storage medium 5 in 
accordance with an operating system stored in the stor- 

35 age medium 5. A part or all of the read image data, 
sound data and game program data are stored in the 
RAM 8. 

[0023] Thereafter, the CPU 6 progresses a game 
based on the game program data stored in the RAM 8 

40 and contents of instructions given from a game player 
via the controller 16. In other words, the CPU 6 suitably 
generates commands as tasks to output images and 
sounds based on the contents of instructions given from 
the game player via the controller 16. 

45 [0024] The signal processor 1 1 performs the calcu- 
lation of positions of characters in the 3D space (the 
same applies to the two-dimensional (2D) space), the 
light source calculation, the sound data generation and 
processing based on the above commands. 

so [0025] Subsequently, the image processor 12 
writes an image data to be imaged in a display area of 
the RAM 8 based on the calculation result. The image 
data written in the RAM 8 is fed via the interface circuit 
13 to the D/A converter 17, where it is converted into an 

55 analog video signal and then fed to the monitor 2 to be 
displayed on its display surface as an image. 
[0026] On the other hand, the sound data outputted 
from the signal processor 1 1 is fed via the interface cir- 
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cuit 14 to the D/A converter 18, where it is converted 
into an analog sound signal and then outputted as 
sounds from the loudspeaker 4 via the amplifying circuit 
3. 

[0027] Next, the writing of the texture data by the 
image processor 12 is described with reference to FIG. 
1. 

[0028] As described above, the signal processor 1 1 
performs the calculation based on the command of the 
CPU 6, and the image processor 12 writes the image 
data in the display area of the RAM 8 based on the cal- 
culation result 

[0029] The RAM 8 has a non-display frame and a 
display frame (frame buffer), and polygon data, texture 
designation data and color data (texture data) and other 
data stored in the storage medium 5 are stored in the 
non-display area. 

[0030] Here, polygons are polygonal 2D virtual fig- 
ures for constructing objects set in a game space, i.e. 
models and characters. In this embodiment, the poly- 
gons are triangular and rectangular. Textures are 2D 
images to be pasted to the polygons to construct an 
image, whereas color data are data for designating the 
colors of the textures. 

[0031] The polygon data which are coordinate data 
of apices of the polygons and the texture designation 
data for designating the textures corresponding to the 
polygons are stored together. 

[0032] Imaging commands generated by the CPU 6 
include commands for forming a 3D image using poly- 
gons and commands for forming usual 2D images. 
[0033] The imaging command to form a 3D image 
using the polygons is comprised of polygon apex 
address data in the non-display area of the RAM 8, tex- 
ture address data representing stored positions of tex- 
ture data to be pasted to the polygons in the RAM 8, 
color address data representing stored positions of 
color data indicating the colors of the texture data in the 
display area of the RAM 8, and luminance data repre- 
senting the luminance of the textures. 
[0034] Among these data, the polygon apex 
address data are obtained as follows. The signal proc- 
essor 11 applies coordinate transformation and per- 
spective transformation to polygon apex coordinate 
data in the 3D space from the CPU 6 based on a moving 
amount data and a rotating amount data of the screen 
itself (visual point), thereby replacing it by polygon apex 
coordinate data in the 2D space. 
[0035] The polygon apex coordinate data in the 2D 
space represents the addresses in the display area of 
the RAM 8, and the image processor 12 writes texture 
data represented by the texture address data allotted 
beforehand in a range of the display area of the RAM 8 
indicated by three or four polygon apex address data. In 
this way, objects (human characters, background mod- 
els, etc.: player characters, referee characters, a simu- 
lated soccer field, simulated goad nets, simulated 
stands) expressed by pasting the textures to the respec- 



tive polygons are displayed on the display surface of the 
monitor 2. 

[0036] Next, the soccer video game played by this 
game system is summarily described with reference to 

5 FIG. 2. FIG. 2 is a diagram showing one scene of the 
soccer video game displayed on the monitor 2. A score 
card including names of two teams and scores is dis- 
played in the upper left of the screen, a lapsed time is 
displayed in the upper right thereof, the name (FW11 in 

w this example) of a player presently operated by a game 
player is displayed in the lower left thereof, and the 
name (DF22 in this example) of a player of an enemy 
team located near FW1 1 is displayed in the lower right 
thereof. 

15 [0037] A soccer field (simulated field) 31 is also dis- 
played on the screen, and a player character 32 oper- 
ated by the game player, a player character 33 of the 
enemy team located near the player character 32, a 
player character 34 of an own team located near the 

20 player character 32, and a referee character 35 (see 
FIG. 5) are displayed on the soccer field 31, respec- 
tively. The player character 32 operated by the game 
player is basically the one who is keeping a ball. 
[0038] A map 36 simply showing the entire field is 

25 displayed in the middle of the bottom part of the screen. 
In this map 36, the positions of the player characters of 
the own and enemy teams and that of the player charac- 
ter 32 are distinguishably displayed. This enables the 
game player to know the positions of the respective 

30 player characters in the entire field 31 . 

[0039] Here, operation instructions to give specific 
movements to the player character 32 are briefly 
described. The player character 32 moves based on the 
operation instructions given by the respective buttons of 

35 the controller 16, and the game player can also set an 
operation pattern suited to him. As an example, a mov- 
ing direction by dribbling is instructed by the stick- 
shaped controller 16e at the time of offense. Other 
movements are given by using the other buttons simul- 

40 taneously with the stick-shaped controller 16e: e.g. 
pass by the A-button 16b, shoot by the B-buttbn 16c, 
through-pass by the C1-button 16h, dash by the C2-but- 
ton 16i, a fly ball by the C3-button 16j and one-two-pass 
by the C4-button 16k. At the time of defense, desired 

45 pattern of movements can be given to the player char- 
acter 32 by using the similar buttons as above in 
response to movements of the player characters of the 
enemy team. 

[0040] As shown in FIG. 2, shadow images are dis- 
50 played at the feet of the respective characters 32, 33, 
34. This is described later. 

[0041] Next, with reference to a plan view of FIG. 3 
showing the soccer field, the arrangement of the soccer 
field and the like in a virtual 3D space coordinate sys- 
55 terns according to this embodiment is described. 

[0042] The soccer field 31 is, similar to a real soccer 
field, enclosed by goal lines 41 (first side), 42 (second 
side) and touch lines 43, 44, and includes a half-way 
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line (center line) 45 equidistant from the goal lines 41, 
42 and a center mark 46 in the center of the field. 
[0043] In this embodiment, the center mark 46 of 
the soccer field 31 is set in an origin (0, 0, 0) of the vir- 
tual 3D space (x, y, z); the soccer field 31 extends in a 5 
x-y plane; the touch lines 43, 44 are arranged in parallel 
to x-axis; and the goal lines 41 , 42 are arranged in par- 
allel to y-axis. 

[0044] Further, as shown in FIG. 3, the soccer field 
31 is divided into areas F1 , F2, and F3. Specifically, the 10 
area F1 is a range ±x1 from the origin, i.e. a range within 
distance D1 from the half-way line 45 in x-axis; the 
areas F2 are ranges from ±x1 to ±x2, i.e. ranges within 
distance D2 outside the area F1 in x-axis, and the areas 
F3 are ranges ±x2 to ±x3, i.e. ranges within distance D3 15 
up to the goal lines 41 , 42 outside the areas F2 in x-axis. 
[0045] Vectors V=(1, 1),(1, -1), (-1, -1), (-1, 1) are 
set as vectors used to set directions in which the 
shadow images are generated. The setting of such 
direction using the vectors V is described later. 20 
[0046] FIG. 4 is a block diagram showing functions 
of the CPU 6 and a part of the devices shown in FIG. 1. 
It should be noted that the elements between the 
respective shown devices and the bus 7 are not shown 
in FIG. 4. 25 
[0047] In FIG. 4, game programs including various 
soccer game modes are stored, so that a soccer game 
(simulated ball game) can be played in accordance with 
the soccer rules (game rules). Coordinates represent- 
ing the positions of the respective player characters and 30 
the referee character are stored in the non-display area 
of the RAM 8. 

[0048] As shown in FIG. 4, the CPU 6 is provided, 
as function blocks, with a game progress control means 
61, a shadow image generation control means 62, a 35 
density setting means 63, a prohibition control means 
64, a timer function for administering a time of a game 
and schedules such as leagues, and a calendar func- 
tion. 

[0049] The game progress control means 61 has 40 
following functions. 

(1) Function of displaying various registration 
screens on the monitor 2 prior to the start of the 
game. First, a game mode setting screen is dis- 45 
played with icons. The game modes include, for 
example. "National League", "World Cup Tourna- 
ment" and the like. If the game player places a cur- 
sor on the position of a desired icon using the cross 
key 16d and pushes the A-button 16b, the screen so 
on the monitor 2 is switched to the one of the desig- 
nated game mode. If, for example, the "World Cup 
Tournament" is designated, a screen "Game Set- 
ting" is displayed to enable an enemy team and the 
like to set. 55 

(2) Function of controlling the movement of the 
player character operated by the game player in 
accordance with a command from the controller 16 



and controlling the movements of the other player 
characters and the referee character in conformity 
with the actual soccer rules. With this function, the 
positions of the respective player characters and 
the referee character are administered using posi- 
tions corresponding to their waist (specific body 
part). Coordinates of the positions corresponding to 
the waists of the respective player characters and 
the referee character and those of specific positions 
(e.g. leading end positions in this embodiment) of 
the left and right feet (legs) of the respective char- 
acters are renewably stored in the non-display area 
of the RAM 8 in a specified sampling cycle. 

[0050] In this embodiment, both a one-person play 
in which the selected player characters of the game 
player's team compete with CPU-controlled player char- 
acters of an enemy team selected by the CPU 6 or the 
game player using one controller 6 and a two-persons 
play in which two game players select their own teams 
and cause the selected teams to compete with each 
other using two controllers 16 can be performed. 
[0051] In the case of the one-person play, the con- 
troller 16 gives various offense movement instructions 
to the player character keeping a ball character out of 
those of the own team. If the ball character is on the 
enemy team side, the controller 16 gives various 
defense movement instructions to the player character 
of the own team closest to the enemy player character 
keeping the ball character. For the other player charac- 
ters, the game progress control means 61 administers 
and controls the positions of the respective player char- 
acters by conducting calculation in accordance with? a 
game program maximally conforming to actual soccer 
rules, so that the game smoothly progresses and the 
game player has no feeling of incongruity concerning 
the flow of the entire game. 

[0052] In the case of the two-persons play, the 
player character keeping the ball character and the 
player character of the enemy team closest to the 
former player are motion-controlled by the respective 
controllers 16. The other player characters are motion- 
controlled in conformity with the soccer rules substan- 
tially in the same manner as described above. 
[0053] The shadow image generation control 
means 62 has a function of generating shadow images 
for all the player characters and the referee character 
who appear on the screen of the monitor 2 (these char- 
acters are collectively referred to as "appearing charac- 
ters" for the sake of convenience). A specific procedure 
of generating the shadow image is described later. 
[0054] Coordinates Q (xs, ys) of the leading end of 
a shadow image to be generated are defined as follows: 

Q(xs, ys) = (xm, ym)+V • zm (1). 

Here, (xm, ym, z,), V denote coordinates of the waist of 
the appearing character and the vector V shown in FIG. 
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3. It should be noted that the shadow image is located 
on the soccer field 31 and, accordingly, z-coordinates 
are deleted because they are 0. 
[0055] As can be seen from equation (1), the lead- 
ing end of the shadow image is located a specified dis- 
tance away from an intersection of a straight line 
suspended from the position of the waist and the field 
31 in a direction of the vector V. This specified distance 
corresponds to the height of the waist of the appearing 
character as can be understood from the second term 
of the right side of equation (1). 
[0056] Shadow images (first shadow images) in 
directions of vectors V=(1 , 1 ), (1 , -1 ) represent shadows 
by two virtual illumination lights set outside the goal line 
42, whereas shadow images (second shadow images) 
in directions of vectors V=(-1, - 1), (-1, 1) represent 
shadows by two virtual illumination lights set outside the 
goal line 41 . The directions of each pair of vectors V are 
orthogonal to each other. * 

[0057] The base end of the shadow image is an 
intersection of a straight line suspended from a speci- 
fied position (e.g. leading end position) of the left or right 
foot and the soccer field 31 as described in a procedure 
later. 

[0058] The density setting means 63 has a function 
of setting the density of the shadow image. A specific 
setting procedure is described later. The density of the 
shadow image is set in accordance with following equa- 
tions (2) and (3). 

HA= 1.0-(|xm|-x1)/D2 (2). 

[0059] Here, HA, xm, x1 and D2 denote transpar- 
ency of the shadow image, x-coordinate of the waist of 
the appearing character as described above, a positive 
x-coordinate of the boundary between the areas F1 and 
F2 as described with reference to FIG. 3, and a width of 
the areas F2 in x-axis direction as described with refer- 
ence to FIG. 3. 

[0060] Equation (2) is used when the appearing 
character is located in the area F2 (see FIG. 3) of the 
soccer field 31 (x1<|xm|<x2) and represents that the 
transparency of the shadow image is reduced (shadow 
image becomes less dense) as a distance between the 
appearing character and the half-way line 45 increases 
in the area F2. When the appearing character is located 
in the area F1,HA = 1.0. 

PC = BCx(1.0-PAxHA)+PAxHA (3). 

[0061] Here, PC, BC, PA denote a color of a pixel, a 
color of a background image and transparency of a pol- 
ygon. The first term of the right side of equation (3) rep- 
resents that the color of the background image is made 
less dense as much as the transparency of the shadow 
image, and equation (3) represents that the color of the 
pixel is obtained by adding (PAxHA) to such a color of 
the background image having been made less dense. 



[0062] The prohibition control means 64 has follow- 
ing functions (1) and (2). 

(1) Function of prohibiting generation of the shadow 
5 images (first shadow images) extending in the 

directions of the vectors V=(1, 1), (1, -1), i.e. 
extending toward the goal line (first side) 41 when 
the x-coordinate of the waist of the appearing char- 
acter is located in the right (at the side of the goal 
10 line 41) area F3 in FIG. 3. 

(2) Function of prohibiting generation of the shadow 
images (second shadow images) extending in the 
directions of the vectors V=(-1, -1), V=(-1, 1), i.e. 
extending toward the goal line (second side) 42 

is when the x-coordinate of the waist of the appearing 
character is located in the left (at the side of the 
goal line 42) area F3 in FIG. 3. 

[0063] Next, how the shadow image is generated 

20 and its density is set by the shadow image generation 
control means 62 and the density setting means 63 is 
described in accordance with flow charts shown in 
FIGS. 9 to 13 while referring to FIGS. 2, 5 to 8 showing 
the scenes of the game and FIG. 3 showing the soccer 

25 field 31. FIGS. 9 to 11 are a flow chart showing a main 
routine of shadow image generation and shadow image 
density setting, FIG. 12 is a flow chart showing a sub- 
routine "Foot Coordinates Setting", and FIG. 13 is a flow 
chart showing a subroutine "Polygon Imaging". 

30 [0064] The routine shown in FIGS. 9 to 1 1 are exe- 
cuted for each of the appearing character. In FIG. 9, it is 
discriminated whether the x-coordinate of the waist of 
the appearing character is located in the area F1 (see 
FIG. 3) (Step ST10). This routine proceeds to Step 

35 ST15 if this x-coordinate is located in the area F1 (YES 
in Step ST10) while proceeding to Step ST60 of FIG. 10 
to be described later if it is not located in the area F1 
(NO in Step ST10). An example of the state where the 
x-coordinate of the waist of appearing character is 

40 located in the area F1 is shown in FIG. 5. 

[0065] Referring back to FIG. 9, HA is set at 1.0 
(Step ST15), the vector V is set at (1, 1) (Step ST20), 
and the subroutine "Foot Coordinates Setting" is exe- 
cuted (Step ST25). 

45 [0066] In the subroutine "Foot Coordinates Setting" 
of FIG. 12, x-, y-coordinates (XL, yL) of the left foot are 
set as an apex P1 (Step ST410), and the subroutine 
"Polygon Imaging" is executed (Step ST415). 
[0067] In the subroutine "Polygon Imaging" of FIG. 

so 13, the transparency at the apex P1 is set at 0.7 (Step 
ST510), and a unit vector E which is normal to a straight 
line connecting the apex P1 and the apex Q obtained by 
equation (1) and passing the apex Q is obtained (Step 
ST515). Since the vector V = (1, 1) in Step ST20, 

55 Q(Xs, Ys) = (Xm+Zm, Ym+Zm) is given by equation 
(1). 

[0068] Subsequently, the transparency at start and 
end points P2, P3 of the unit vector E is set at 0.4 (Step 
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ST520), and a polygon defined by the apices P1 , P2, P3 
is imaged by equation (3) (Step ST525). 
[0069] The subroutine "Polygon Imaging" in Step 
ST415 of FIG. 12 is completed in this manner, and a 
shadow image 71 L extending in the direction of the vec- 5 
tor V = (1, 1) is formed, for example, for the left foot of 
the player character 32 of FIG. 5. 
[0070] Subsequently, x-, y-coordinates (xR, yR) of 
the right foot are set as an apex P1 (Step ST420), and 
the subroutine "Polygon Imaging" is executed (Step w 
ST425). In this way, a shadow image 71 R extending in 
the direction of the vector V = (1 , 1 ) is formed, for exam- 
ple, for the right foot of the player character 32 of FIG. 5. 
[0071] The subroutine "Foot Coordinates Setting" in 
Step ST25 of FIG. 9. is completed in this way. Subse- 15 
quently, the vector V is set at (1,-1) (Step ST30), and 
the subroutine "Foot Coordinates Setting" is executed 
(Step ST35). By this subroutine, shadow images 72L, 
72R extending in the direction of the vector V = (1, -1) 
are formed, for example, for the left and right feet of the 20 
player character 32 of FIG. 5. 

[0072] Subsequently, the vector V is set at (-1, 1) 
(Step ST40), and the subroutine "Foot Coordinates Set- 
ting" is executed (Step ST45). By this subroutine, 
shadow images 73L, 73R extending in the direction of 25 
the vector V = (-1 , 1 ) are formed, for example, for the left 
and right feet of the player character 32 of FIG. 5. 
[0073] Subsequently, the vector V is set at (-1, -1) 
(Step ST50), and the subroutine "Foot Coordinates Set- 
ting" is executed (Step ST55). By this subroutine, 30 
shadow images 74L, 74R extending in the direction of 
the vector V = (-1, -1) are formed, for example, for the 
left and right feet of the player character 32 of FIG. 5. 
[0074] When the x-coordinate of the waist of the 
appearing character is located in the area F1 (see FIG. 35 
3), HA is fixedly set at 1.0 (Step ST15) and accordingly 
all the shadow images of the same density are gener- 
ated. 

[0075] If the x-coordinate of the waist of the appear- 
ing character is not located in the area F1 (NO in Step 40 
ST10 of FIG. 9), it is discriminated whether the x-coor- 
dinate of the waist of the appearing character is located 
in the area F2 (see FIG. 3) (Step ST60 of FIG. 10). This 
routine proceeds to Step ST65 if this x-coordinate is 
located in the area F2 (YES in Step ST60) while pro- 45 
ceeding to Step ST170 of FIG. 11 to be described later 
if it is not located in the area F2 (NO in Step ST60). 
[0076] In Step ST65, it is discriminated whether the 
x-coordinate of the waist of the appearing character is 
positive. This routine proceeds to Step ST70 if this x- so 
coordinate is positive (YES in Step ST65) while pro- 
ceeding to Step ST 120 if it is negative (NO in Step 
ST65). 

[0077] Step ST70 and subsequent Steps are a pro- 
cedure in the case that the x-coordinate of the waist of 55 
the appearing character is located in the right area F2 in 
FIG. 3, and an example of this state is shown in FIG. 2. 
[0078] In Step ST70 of FIG. 10, the transparency 



HA of the shadow image is calculated by equation (2). 
Subsequently, the vector V is set at (1, 1) (Step ST75), 
and the subroutine "Foot Coordinates Setting" is exe- 
cuted (Step ST80). By this subroutine, shadow images 
81 L, 81 R extending in the direction of the vector V = (1 , 
1) are formed, for example, for the left and right feet of 
the player character 32 of FIG. 2. 
[0079] Subsequently, the vector V is set at (1, -1) 
(Step ST85), and the subroutine "Foot Coordinates Set- 
ting" is executed (Step ST90). By this subroutine, 
shadow images 82L, 82R extending in the direction of 
the vector V = (1, -1) are formed, for example, for the left 
and right feet of the player character 32 of FIG. 2. 
[0080] In Step St95 of FIG. 10, HA is set at 1.0. 
Subsequently, the vector V is set at (-1, 1) (Step 
ST100), and the subroutine "Foot Coordinates Setting" 
is executed (Step ST105). By this subroutine, shadow 
images 83L, 83R extending in the direction of the vector 

V = (-1, 1) are formed, for example, for the left and right 
feet of the player character 32 of FIG. 2. 

[0081] Subsequently, the vector V is set at (-1, -1) 
(Step ST110), and the subroutine "Foot Coordinates 
Setting" is executed (Step ST115). By this subroutine, 
shadow images 84L, 84R extending in the direction of 
the vector V = (-1, -1) are formed, for example, for the 
left and right feet of the player character 32 of FIG. 2. 
[0082] In this way, when the x-coordinate of the 
waist of the appearing character is located in the right 
area F2 in FIG. 3, the shadow images 81 L, 81 R, 82L, 
82 R extending toward the goal line 41 are generated at 
low density given by equation (2) (shown by rough 
hatching in FIG. 2), and the shadow images 83L, 83R, 
84L, 84 R extending toward the goal line 42 are gener- 
ated at the same density as in the area F1 (shown by 
dense hatching in FIG. 2). 

[0083] Step ST120 and subsequent Steps are a 
procedure in the case that the x-coordinate of the waist 
of the appearing character is located in the left area F2 
in FIG. 3, and an example of this state is shown in FIG. 
6. 

[0084] In Step ST120 of FIG. 10, the transparency 
HA of the shadow image is calculated by equation (2). 
Subsequently, the vector V is set at (-1, 1) (Step 
ST1 25), and the subroutine "Foot Coordinates Setting" 
is executed (Step ST130). By this subroutine, shadow 
images 93L, 93R extending in the direction of the vector 

V = (-1 , 1) are formed, for example, for the left and right 
feet of the player character 32 of FIG. 6. 

[0085] Subsequently, the vector V is set at (-1, -1) 
(Step ST135 of FIG. 10), and the subroutine "Foot Coor- 
dinates Setting" is executed (Step ST140). By this sub- 
routine, shadow images 94L, 94 R extending in the 
direction of the vector V = (-1 , -1) are formed, for exam- 
ple, for the left and right feet of the player character 32 
of FIG. 6. 

[0086] In Step ST145 of FIG. 10, HA is set at 1.0. 
Subsequently, the vector V is set at (1, 1) (Step ST150), 
and the subroutine "Foot Coordinates Setting" is exe- 
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cuted (Step ST155). By this subroutine, shadow images 
91 L, 91 R extending in the direction of the vector V = (1, 
1) are formed, for example, for the left and right feet of 
the player character 32 of FIG. 6. 
[0087] Subsequently, the vector V is set at (1, -1) 5 
(Step ST160 of FIG. 10), and the subroutine "Foot Coor- 
dinates Setting" is executed (Step ST165). By this sub- 
routine, shadow images 92L, 92R extending in the 
direction of the vector V = (1, -1) are formed, for exam- 
ple, for the left and right.feet of the player character 32 10 
of FIG. 6. 

[0088] In this way, when the x-coordinate of the 
waist of the appearing character is located in the left 
area F2 in FIG. 3, the shadow images 93L, 93R, 94L, 
94R extending toward the goal line 42 are generated at 15 
the low density given by equation (2) (shown by rough 
hatching in FIG. 6), and the shadow images 91 L, 91 R, 
92L, 92R extending toward the goal line 41 are gener- 
ated at the same density as in the area F1 (shown by 
dense hatching in FIG. 6). 20 
[0089] If the x-coordinate of the waist of the appear- 
ing character is not located in the area F2 (NO in Step 
ST60 of FIG. 10), it means that this x-coordinate is 
located in the area F3 (see FIG. 3). In Step ST170 of 
FIG. 11, it is discriminated whether the x-coordinate of 25 
the waist of the appearing character is positive. This 
routine proceeds to Step ST175 if this x-coordinate is 
positive (YES in Step ST170) while proceeding to Step 
ST200 if it is negative (NO in Step ST170). 
[0090] Step ST175 and subsequent Steps are a 30 
procedure in the case that the x-coordinate of the waist 
of the appearing character is located in the right area F3 
in FIG. 3, and an example of this state is shown in FIG. 
7. 

[0091] In Step ST175 of FIG. 11, HA is set at 1.0. 35 
Subsequently, the vector V is set at (-1, 1) (Step 
ST180), and the subroutine "Foot Coordinates Setting" 
is executed (Step ST185). By this subroutine, shadow 
images 103L, 103R extending in the direction of the 
vector V = (-1, 1) are formed, for example, for the left 40 
and right feet of the player character 32 of FIG. 7. 
[0092] Subsequently, the vector V is set at (-1, -1) 
(Step ST190), and the subroutine "Foot Coordinates 
Setting" is executed (Step ST195). By this subroutine, 
shadow images 104L, 104R extending in the direction 45 
of the vector V = (-1, -1) are formed, for example, for the 
left and right feet of the player character 32 of FIG. 7. 
[0093] In this way, when the x-coordinate of the 
waist of the appearing character is located in the right 
area F3 in FIG. 3, no shadow image extending toward so 
the goal line 41 is generated, and only the shadow 
images 103L, 103R, 104L, 104R extending toward the 
goal line 42 are generated at the same density as in the 
area F1 . 

[0094] Step ST200 and subsequent Steps are a 55 
procedure in the case that the x-coordinate of the waist 
of the appearing character is located in the left area F3 
in FIG. 3, and an example of this state is shown in FIG. 



8. 

[0095] In Step ST200 of FIG. 11, HA is set at 1.0. 
Subsequently, the vector V is set at (1, 1) (step ST205), 
and the subroutine "Foot Coordinates Setting" is exe- 
cuted (Step ST210). By this subroutine, shadow images 
1 1 1 L, 1 1 1 R extending in the direction of the vector V = 
(1, 1) are formed, for example, for the left and right feet 
of the player character 32 of FIG. 8. 
[0096] Subsequently, the vector V is set at (1,-1) 
(Step ST215), and the subroutine "Foot Coordinates 
Setting" is executed (Step ST220). By this subroutine, 
shadow images 112L, 112R extending in the direction 
of the vector V = (1, -1) are formed, for example, for the 
left and right feet of the player character 32 of FIG. 8. 
[0097] In this way, when the x-coordinate of the 
waist of the appearing character is located in the left 
area F3 in FIG. 3, no shadow image extending toward 
the goal line 42 is generated, and only the shadow 
images 111L, 11 1R, 112L, 112R extending toward the 
goal line 41 are generated at the same density as in the 
area F1. 

[0098] FIGS. 1 4 and 1 5 are diagrams showing other 
scenes of the soccer game. In the case that the feet of 
the player characters such as the left foot 32L of the 
player character 32 in FIG. 14 and the left and right feet. 
32L, 32R of the player characters 32 in FIG. 15 are ver- 
tically distanced from the field 31, base ends 37L (see 
FIG. 14), 38L, 38R (see FIG. 15) of the respective 
shadow images are located at the intersections of the 
straight lines suspended from the coordinates of the 
respective feet and the field 31 as shown in Steps 
ST410and ST420 of FIG. 12. 

[0099] Further, in the case that the z-coordinate of 
the waist of the player character is located higher from 
the field 31 due to a jump like the player character 32 in 
FIG. 15, a distance between the intersection of the 
straight line suspended from the coordinates of the 
waist and the field 31 and the leading end of the shadow 
image becomes longer. Accordingly, longer shadow 
images 39 are generated as shown in FIG. 15. 
[0100] As described above, the density of the 
shadow image is set based on the x-coordinate of the 
waist of the appearing character on the soccer field 31 
according to this embodiment. Thus, realistic images 
can be generated by simple calculation without perform- 
ing a complicated light source calculation and can be 
displayed on the monitor 2. This brings about remarka- 
ble effects in video games of such simulated ball games 
in which a plurality of player characters appear on the 
screen and speedily move as in a soccer game. 
[0101] The present invention is not limited to the 
foregoing embodiment, and may be embodied as fol- 
lows. 

(1) Although the field 31 is divided into the areas 
F1, F2, F3 along the x-axis direction as shown in 
FIG. 3, and the density of the shadow image is set 
based on the x-coordinate of the waist of the 
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appearing character as defined by equation (2) in 
the foregoing embodiment, the present invention is 
not limited thereto. For instance, the field 31 may 
also be divided along the y-axis direction, and the 
density of the shadow images extending in the 
direction of the vector V = (1, 1) may be differed 
from that of the shadow images extending in the 
direction of the vector V = (1, -1) based on the y- 
coordinate or the density of the shadow images 
extending in the direction of the vector V = (-1, -1) 
may be differed from that of the shadow images 
extending in the direction of the vector V = (-1, 1) 
based on the y-coordinate. 

(2) In the foregoing embodiment, when the x-coor- 
dinate of the waist of the appearing character is 
located in the right area F2 in FIG. 3, the shadow 
images 83L, 83R, 84L, 8R extending toward the 
goal line 42 are generated at the same density as in 
the area F1, and when the x-coordinate of the waist 
of the appearing character is located in the left area 
F2 in FIG. 3, the shadow images 91 L, 91 R, 92L, 
92 R (see FIG. 6) extending toward the goal line 41 
are generated at the same density as in the area 
F1. However, the present invention is not limited 
thereto. For instance, the density may be changed 
according to the x-coordinates. 

Specifically, when the x-coordinate of the waist 
of the appearing character is located in the right 
area F2 in FIG. 3, the density of the shadow images 
extending toward the goal line 42 may be increased 
as a distance between the appearing character and 
the half-way line 45 increases, and when the x- 
coordinate of the waist of the appearing character is 
located in the left area F2 in FIG. 3, the density of 
the shadow images extending toward the goal line 
42 may be increased as a distance between the 
appearing character and the half-way line 45 
increases. 

(3) Although the dimensions of the shadow images 
are determined based on the z-coordinate of the 
waist of the appearing character in the foregoing 
embodiment, the present invention may not be lim- 
ited thereto. For instance, they may be determined 
based on the x-coordinate of the waist of the 
appearing character. According to this embodi- 
ment, more realistic images can be generated since 
the dimensions of the shadow images changes 
according to the position of the appearing character 
on the field 31. 

(4) Although the positions of the player characters 
and the referee character are administered using 
the positions corresponding to their waists and the 
dimensions of the shadow images are determined 
based on the z-coordinates of their waists, the 
present invention is not limited thereto. Instead of 
the coordinates of the waist, the coordinates corre- 
sponding to an other body part such as a head may 
be used. 



(5) In the foregoing embodiment, the prohibition 
control means 64 is provided. When the x-coordi- 
nate of the waist of the appearing character is 
located in the right area F3 in FIG. 3, the generation 

5 of the shadow images in the directions of the vec- 
tors V = (1, 1), (1, -1) is prohibited. On the other 
hand, when the x-coordinate of the waist of the 
appearing character is located in the left area F3 in 
FIG. 3, the generation of the shadow images in the 

10 directions of the vectors V = (-1, -1), (-1, 1) is pro- 
hibited. However, the present invention is not lim- 
ited thereto. 

For instance, instead of providing the prohibi- 
tion control means 64, the density of the shadow 

is images extending in the directions of the vectors V 
= (1, 1), (1, -1) may be set at 0 when the x-coordi- 
nate of the waist of the appearing character is 
located in the right area F3 in FIG. 3, whereas the 
density of the shadow images extending in the 

20 directions of the vectors V = (-1 , -1), (-1, 1) may be 
set at 0 when the x-coordinate of the waist of the 
appearing character is located in the left area F3 in 
FIG. 3 

(6) Although the present invention is applied to the 
25 soccer game as an example of the simulated ball 

games in the foregoing embodiment, it may also be 
applied to a baseball game, field and track events 
or the like in which competition is made under flood- 
light or a basketball game or the like in which com- 
30 petition is made under indoor illumination. 

[0102] As described above, the inventive image 
generating device comprises the shadow image gener- 
ation control means for generating the shadow image 

35 belonging to the character located on the simulated field 
set in the virtual 3D space and extending at least in one 
direction, the density setting means for setting the den- 
sity of the shadow image based on the position of the 
character on the simulated field, the display means and 

40 the display control means for displaying the generated 
shadow image at the set density on the display means. 
[0103] In the image generating device thus con- 
structed, the shadow image belonging to the character 
located on the simulated field set in the virtual 3D space 

45 and extending at least in one direction is generated, the 
density thereof is set based on the position of the char- 
acter on the simulated field, and the generated shadow 
image is displayed at the set density on the display 
means. Accordingly, the shadow image of the character 

so can be generated by simple calculation and displayed, 
with the result that realistic images which look as if they 
were illuminated by simulated illumination lights at night 
can be easily obtained. 

[0104] The above character has legs, and the den- 
55 sity setting means may assume the position of a specific 
body part of the* character other than his legs as the 
position of the character. With this construction, the 
shadow images of the legs to this specific body part of 
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the character can be easily generated. 
[0105] The shadow image generation control 
means may generate the shadow image using the inter- 
section of the straight line suspended from the leg of the 
character and the field as a base end. With this con- s 
struction, the shadow image can be easily generated by 
simple calculation regardless of the height of the leg of 
the character from the simulated field. 
[0106] The shadow image generation control 
means may generate the shadow image using the posi- 10 
tion spaced a specified distance in the predetermined 
direction away from the intersection of the straight line 
suspended from the specified body part of the character 
and the simulated field as the leading end. With this 
construction, the shadow image can be easily gener- is 
ated since the position of the leading end of the shadow 
image can be obtained by simple calculation. 
[0107] If the shadow image generation control 
means determines the specified distance based on the 
height of the specified body part from the simulated 20 
field, the dimensions of the shadow images are 
changed according to the height of the specified body 
part of the character from the simulated field. As a 
result, more realistic shadow images can be generated. 
[0108] The simulated field may be rectangular, hav- 25 
ing first and second sides opposed to each other and a 
center line which is equidistant from the first and second 
sides, the image generation control means may gener- 
ate at least one shadow image belonging to the charac- 
ter and extending toward the first side and at least one 30 
second shadow image belonging to the character and 
extending toward the second side, and the density set- 
ting means sets the densities of the first and second 
shadow images based on the distance between the 
position of the character and the center line. 35 
[0109] With this construction, at least one first 
shadow image extending toward the first side and at 
least one second shadow image extending toward the 
second side, both images belonging to the character, 
are generated on the rectangular simulated field having 40 
the first and second sides opposed to each other and 
the center line which is equidistant from the first and 
second sides. The densities of these shadow images 
are set based on the distance between the position of 
the character and the center line. Accordingly, realistic <s 
images which look as if simulated illumination lights for 
illuminating the simulated field were set outside the first 
and second side of the simulated field can be gener- 
ated. 

[0110] The density setting means may reduce the so 
density of the first shadow image as the distance 
between the position of the character and the center line 
increases when the character is located in the specified 
range between the center line and the first side while 
reducing the density of the second shadow image as 55 
the distance between the position of the character and 
the center line increases when the character is located 
in the specified range between the center line and the 



second side. 

[0111] With this construction, more realistic images 
which look as if the densities of the shadow images 
were reduced as the distance between the position of 
the character and the simulated illumination set outside 
the first and second side of the simulated field increases 
can be generated. 

[0112] The density setting means may set the den- 
sities of the first and second shadow images at a fixed 
level when the character is located with the specified 
distance from the center line. With this construction, the 
calculation of the shadow images is easier and, there- 
fore, the shadow images can be more easily generated. 
[01 13] The density setting means may set the den- 
sity of the first shadow image at 0 when the character is 
located with the specified distance from the first side 
while setting the density of the second shadow image at 
0 when the character is located with the specified dis- 
tance from the second side. With this construction, the 
calculation of the shadow images is easier and, there- 
fore, the shadow images can be more easily generated. 
[0114] Further, the prohibition control means for 
prohibiting the generation of the first shadow image 
when the character is located within the specified dis- 
tance from the first side while prohibiting the generation 
of the second shadow image when the character is 
located within the specified distance from the second 
side may be provided. With this construction, the calcu- 
lation of the shadow images is easier and, therefore, the 
shadow images can be more easily generated. 
[0115] The inventive image generating method 
comprises the steps of generating the shadow image 
belonging to the character located on the simulated field 
set in the virtual 3D space and extending at least in one 
direction, setting the density of the shadow image 
based on the position of the character on the simulated 
field, and displaying the generated shadow image at the 
set density on the display means. 
[01 1 6] According to this method, the shadow image 
of the character can be generated by simple calculation 
without performing a complicated light source calcula- 
tion, and be displayed. Thus, realistic images which look 
as if they were illuminated by the simulated illumination 
lights at night can be easily obtained. 
[01 1 7] The inventive readable storage medium stor- 
ing the image generating program is adapted to cause 
the computer to realize the shadow image generating 
function of generating the shadow image belonging to 
the character located on the simulated field set in the 
virtual 3D space and extending at least in one direction, 
the density setting function of setting the density of the 
shadow image based on the position of the character on 
the simulated field, and the display function of display- 
ing the generated shadow image at the set density on 
the display means. 

[0118] By reading the readable storage medium 
and implementing the image generating program by 
means of the computer, the shadow image belonging to 
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the character located on the simulated field set in the 
virtual 3D space and extending at least in one direction 
is generated, the density of the shadow image is set 
based on the position of the character on the simulated 
field, and the generated shadow image is displayed at 5 
the set density on the display means. Accordingly, the 
shadow images can be generated by simple calculation 
without performing a complicated light source calcula- 
tion, with the result that realistic images which look as if 
they are illuminated by the simulated illumination lights 10 
at night can be easily obtained. 
[01 1 9] The inventive video game system comprises 
the image generating device, the program storage 
means storing the game program, the operation means 
for outputting the operation signal corresponding to the 15 
external operation, and the game progress control 
means for controlling the position of the character on 
the simulated field in response to the operation signal in 
accordance with the game program. 
[0120] With the video game system thus con- 20 
structed, the position of the character on the simulated 
field is controlled in response to the operation signal 
outputted from the operation means and corresponding 
to the external operation in accordance with the game 
program stored in the program storage means. Accord- 25 
ingly, the shadow images can be generated by simple 
calculation without performing a complicated light 
source calculation, with the result that a video game 
whose realistic images looking as if they are illuminated 
by the simulated illumination lights at night are dis- 30 
played on the display means can be easily obtained. 
[0121] The program storage means stores the 
game program for carrying out the simulated ball game 
in accordance with the specified ball game rules, the 
simulated field is used for the simulated ball game, and 35 
the characters include player characters who play the 
simulated ball game. 

[0122] With this construction, the shadow images of 
the player characters playing the simulated ball game 
such as a soccer game on the simulated field can be 40 
easily generated by simple calculation, and realistic 
images which look as if the simulated ball game were 
played at night can be obtained. 
[0123] This invention is based on Japanese Patent 
Application Serial No. HEI 11-211013 filed on July 26, 45 
1999, whose priority is claimed, thus the contents of 
which are hereby incorporated by reference. 
[0124] As this invention may be embodied in sev- 
eral forms without departing from the spirit of essential 
characteristics thereof, the present embodiment is 50 
therefore illustrative and not restrictive, since.the scope 
of the invention is defined by the appended claims 
rather than by the description preceding them, and all 
changes that fall within metes and bounds of the claims, 
or equivalence of such metes and bounds are therefore 55 
intended to embraced by the claims. 



Claims 

1. An image generating device comprising: 

a shadow image generation control means for 
generating the shadow image belonging to the 
character located on the simulated field set in 
the virtual 3D space and extending at least in 
one direction; 

a density setting means for setting a density of 
the shadow image based on a position of the 
character on the simulated field; 
a display means for displaying the shadow 
image; and 

a display control means for displaying the gen- 
erated shadow image at the set density on the 
display means. 

2. The image generating device according to claim 1 , 
wherein the character includes legs, and the den- 
sity setting means uses the position of a specific 
body part of the character other than his legs as the 
position of the character. 

3. The image generating device according to claim 2, 
wherein the shadow image generation control 
means generates the shadow image using an inter- 
section of a straight line suspended from the leg of 
the character and the field as a base end. 

4. The image generating device according to claim 2, 
wherein the shadow image generation control 
means generates the shadow image using the posi- 
tion spaced a specified distance in the predeter- 
mined direction away from the intersection of the 
straight line suspended from the specified body 
part of the character and the simulated field as a 
leading end. 

5. The image generating device according to claim 4, 
wherein the shadow image generation control 
means determines the specified distance based on 
a height of the specified body part from the simu- 
lated field. 

6. The image generating device according to claim 1 , 
wherein the simulated field is rectangular, having 
first and second sides opposed to each other and a 
center line which is equidistant from the first and 
second sides, the image generation control means 
generates at least one first shadow image belong- 
ing to the character and extending toward the first 
side and at least one second shadow image 
belonging to the character and extending toward 
the second side, and the density setting means sets 
the densities of the first and second shadow images 
based on the distance between the position of the 
character and the center line. 
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7. The image generating device according to claim 6, 
wherein the density setting means reduces the den- 
sity of the first shadow image as the distance 
between the position of the character and the 
center line increases when the character is located 5 
in the specified range between the center line and 
the first side while reducing the density of the sec- 
ond shadow image as the distance between the 
position of the character and the center line 
increases when the character is located in the 10 
specified range between the center line and the 
second side. 

8. The image generating device according to claim 7, 
wherein the density setting means sets the densi- 15 
ties of the first and second shadow images at a 
fixed level when the character is located with the 
specified distance from the center line. 

9. The image generating device according to claim 7, 20 
wherein the density setting means sets the density 

of the first shadow image at 0 when the character is 
located within the specified distance from the first 
side while setting the density of the shadow second 
shadow image at 0 when the character is located 25 
within the specified distance from the second side. 

10. The image generating device according to claim 7, 
further comprising a prohibition control means for 
prohibiting the generation of the first shadow image 30 
when the character is located within the specified 
distance from the first side while prohibiting the 
generation of the second shadow image when the 
character is located within the specified distance 
from the second side. 35 



a density setting function of setting the density 
of the shadow image based on the position of 
the character on the simulated field, and 
a display function of displaying the generated 
shadow image at the set density on the display 
means. 

13. A video game system comprising: 

an image generating device including: 

a shadow image generation control means 
for generating the shadow image belong- 
ing to the character located on the simu- 
lated field set in the virtual 3D space and 
extending at least in one direction; 
a density setting means for setting the den- 
sity of the shadow image based on the 
position of the character on the simulated 
field; 

a display means for displaying the shadow 
image; 

a display control means for displaying the 
generated shadow image at the set density 
on the display means; 
a program storage means storing the 
game program; 

an operation means for outputting the 
operation signal corresponding to the 
external operation, and 
a game progress control means for con- 
trolling the position of the character on the 
simulated field in response to the operation 
signal in accordance with the game pro- 
gram. 



1 1 . An image generating method comprising the steps 
of: 

generating the shadow image belonging to the 
character located on the simulated field set in 
the virtual 3D space and extending at least in 
one direction, 

setting the density of the shadow image based 
on the position of the character on the simu- 
lated field, and 

displaying the generated shadow image at the 
set density on the display means. 



14. The video game system according to claim 13, 
wherein the program storage means stores the 
game program for carrying out a simulated ball 
40 game in accordance with the specified ball game 
rules, a simulated field is used for the simulated ball 
game, and the characters include player characters 
who play the simulated ball game. 



12. A readable storage medium storing the image gen- so 
erating program is adapted to cause the computer 
to realize: 

a shadow image generating function of gener- 
ating the shadow image belonging to the char- 55 
acter located on the simulated field set in the 
virtual 3D space and extending at least in one 
direction, 
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